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Abstract 
 
The rheology of lower crust is significant to elucidate evolution and dynamics of the Earth’s 
lithosphere. Especially the effect of water is considered to be extremely important for rheology 
of the lower crust. Water and pressure have complicated influences on the rheology of rocks and 
minerals under condition of the lower crust. It is necessary to conduct highly accurate experiments 
with such high confining pressure. Griggs-type deformation apparatus can produce lower crustal 
conditions, but the measurement error was large. 
Firstly, a correction method of mechanical data for the Griggs-type deformation apparatus was 
proposed. In the construct of the correction method, I utilized master curves that derived based 
on the “time-temperature superposition principle”. By comparing master curves of both Griggs 
apparatus and gas apparatus (reference apparatus), the correction method for the Griggs apparatus 
was constructed. Applying the correction method to differential stresses obtained by using the 
Griggs apparatus, it became possible to reproduce stress-strain curves close to ones measured by 
gas apparatus within an error of ±30 MPa in various deformation regime. Correction can also be 
extended to higher confining pressures up to 1.5 GPa. 
Secondly, deformation experiments of water-added plagioclase as a main constituent material 
of the lower crust were conducted. Axial compression experiments on synthetic polycrystalline 
anorthite (an end-member of the plagioclase) were performed in the Griggs apparatus. Times for 
infiltration of water into samples were changed to investigate the time dependency of water 
diffusion. The strengths of wet samples were lower by about one digit than the strength of dry 
sample. Maximum water contents of deformed samples measured by FTIR spectrometer increase 
in proportion to deformation times. Such diffusion is brought about by "multi-path diffusion" by 
the formation of short paths under differential stress. Differential stresses were significantly lower 
than predicted values by previous flow law for wet anorthite obtained by low pressure gas 
apparatus (<0.5 GPa). This implies that the effect of water on mechanical behavior in higher 
pressure might be larger than those predicted by lower pressure experiments. The results suggest 
that the strength of fluid-rich regions in the lower crust becomes lower than that predicted by 
previous studies. In the dry lower crust, fluid diffusion behaves anomalously, resulting in 
significant strength weakening. The weakened lower crust leads to further deformation and 
promotion of fluid transfer and contributes to strain localization. 
 
